Forty-five Angus steers (avg initial wt 330 kg) were individually fed for 112 d to assess the value of supplemental Zn and source on performance and carcass quality. Steers had ad libitum access to a control diet (81 ppm Zn) of 33% whole corn, 33% ground milo, 15% cottonseed hulls and 13% cottonseed meal, or this control diet with 360 mg Zn/d added from either zinc methionine or zinc oxide. Steers were slaughtered on d 114, and carcass composition was determined by specific gravity. Average daily gain and feed efficiency were not affected by dietary treatments. Steers fed zinc methionine had a higher (P < .05) USDA quality grade than those fed the control and zinc oxide diets. Marbling score was higher (P < .05) for steers fed zinc methionine than for those fed control and zinc oxide treatments (4.4 vs 4.0 and 4.0, respectively, where 3 --slight, 4 = small, 5 = modest). Steers fed zinc methionine tended to have more (P < .10) external fat (13 mm) than steers fed the control diet (10 ram); steers supplemented with zinc oxide had intermediate amounts of external fat (11 mm). Steers fed zinc methionine had 10.5 and 12.8% more (P < .05) kidney, pelvic and heart (KPH) fat than steers fed control or zinc oxide diets, respectively. The effects of zinc methionine on carcass quality grade and marbling score may be due to Zn and(or) methionine. Regardless of the mechanism, the difference represents a potential economic benefit to producers.
Introduction
Zinc has been associated with wound healing (Prasad, 1979) , immunity protection (Gross et al., 1979) , fertility (Apgar and Fitzgerald, 1985) and many other physiological processes. Zinc is found as a component of over 200 metalloenzymes (Riordan and Vallee, 1976) and can bind to sulfhydryl, amino, imidazole and phosphate groups (NRC, 1980) . Recently, a compound containing organic Zn, zinc methionine, has been reported to increase rate 1 Journal paper TA 23126. Texas Agric. Exp. Sta. 2Reference to a company or trade name does not imply approval or endorsement by the Texas Agric. Exp. Sta.
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4 Dept. of Anim. Sci. Received October 30, 1987 . Accepted February 16, 1988 of gain and feed efficiency (Spears and Samsell, 1986 ) and carcass quality (Rust, 1985) of feedlot heifers and steers, respectively. Spears and Samsell (1986) reported that Zn from zinc methionine and zinc oxide was metabolized differently after absorption in sheep. Patton et al. (1970) and Brommelsiek et al. (1979) reported that methionine hydroxy analog (MHA) increased milk fat and carcass quality grades. The objective of this research was to determine the effect of a daily level of 360 mg of Zn, fed as zinc methionine or as zinc oxide, on the performance and carcass quality of beef cattle.
Materials and Methods
Forty-five Angus steers were blocked by weight into three groups in a randomized block design and st~.rted on a l12 Within each weight group, steers were assigned randomly to one of the following dietary treatments: 1) control, 2) 360 mg Zn/d from zinc methionine and 3) 360 mg Zn/d from zinc oxide. Zinc methionine was supplied by Zinpro 40 s, which contains 4% Zn. On d 0 of the feeding period, each weight group of steers was weighed, implanted with zeranol 6 and fed the basal diet ad libitum. The dietary treatments were imposed by adding 261.5 g of supplement to the feeder daily. The supplements were 261.5 g of basal diet (control), 9.0 g zinc' methionine plus 252.5 g of basal diet (zinc methionine) and .5 g of zinc oxide plus 261.0 g of basal diet (zinc oxide). On d 28, 86 and 93, three steers fed the control diet and on d 49 one steer fed the zinc oxide diet showed symptoms of foot-rot. Steers were treated with 40 to 60 ml of Terramycin and 4 to 5 boluses of Sulfamethazine. Steers were weighed at 28-d intervals following a 20-h removal from feed. Serum samples were obtained via jugular puncture at 28-d intervals throughout the study. Serum was analyzed for inorganic P by colorimetric analysis (Fiske and Subbarow, 1925) aAs-fed basis with 27.5 mg/kg monensin.
bcomposition of trace mineralized salt: NaCt, 98%; Zn, .35%; Mn, .28%; Fe, .175%; Cu, .035%; I, .007%; Co, .007%.
CComposition of vitamin mix: vitamin A, 2,200,000 IU/kg; vitamin D, 1,100,000 IU/kg; vitamin E, 2,200 IU/kg. dNEm --net energy for maintenance; NEg = net energy for gain. chill in a 1 ~ C cooler. Specific gravity of carcasses (Garrett and Hinman, 1969) was measured to estimate carcass composition 4 d postslaughter.
Data were analyzed using the General Linear Models (GLM) procedure of SAS (1979) . The mathematical model was: Y =/.1 + weight group + dietary treatment + (weight group • dietary treatment). When dietary treatment was found to be significant, treatment means were separated by Tukey's Studentized Range Test (SAS, 1979) . A frequency distribution of steers grading USDA Choice or Good in each treatment group was determined by the frequency procedure of SAS (1979) . Chi-square analysis was used to determine the statistical difference between the frequency distributions.
s Zinpro 40 TM, Zinpro Corporation, Chaska, MN.
6 RalgroTM, Pitman-Moore, Terre Haute, IN.
Results and Discussion
Initial weight, average daily gain, daily feed intake and feed efficiency of steers fed the control, zinc methionine and zinc oxide diets are presented in Table 2 . Although cattle fed supplemental zinc oxide tended to gain more rapidly (P < .10) than the control-fed steers during the first 28 d, no difference in gain due to treatment was recorded for the 112-d trial. Daily gain for all steers averaged 2.08 kg during the first 28 d on feed and decreased to .74 during the final 28 d of the feeding period. Daily feed intake was not different (P > .10)for steers fed control, zinc methionine-supplemented and zinc oxide-supplemented diets. Feed intake was 12.7 kg/d (as-fed basis)during d 0 to 28 and declined to 9.7 kg/d for d 85 to 112. The decline in feed intake as steers approached slaughter may be confounded with a change in environmental temperature. Cattle were slaughtered in July, August and September for weight groups 1, 2 and 3, respectively. Feed efficiency was similar (P > .10) for each treatment group. Spears and Samsell (1986) reported that heifers fed a corn silage-based diet and 25 mg Zn as zinc methionine gained faster and more efficiently than controls. Conversely, Rust (1985) and Martin et al. (1987) , using steers, and Stobart et al. (1987) , using lambs, did not observe any differences in live weight gains or feed efficiency between animals fed zinc methionine and those fed a control diet.
Serum mineral concentrations (Table 3) were not affected (P > .10) by level or form of Zn supplementation. Because the dietary requirement for Zn (NRC, 1984 ) is 20 to 40 ppm and the control diet contained 82 ppm, steers were assumed not to be deficient in this element. Serum Zn concentrations averaged 180, 177 and 177 mg/dl for the three treatment groups, respectively. These values are high, possibly due to contamination from Zn present in the collection vessel septum. Spears and Samsell (1986) did not observe any changes in serum Zn concentrations of heifers fed zinc methionine or zinc oxide but reported that added Zn increased serum alkaline phosphatase.
Serum Mg averaged 2.40, 2.41 and 2.47 mg/dl for the control, zinc methionine-supplemented and zinc oxide-supplemented steers, respectively (Table 3 ). Serum inorganic P and Ca were 7.9 and 10.0 mg/dl, respectively. Additional Zn added to the diet as zinc methionine or zinc oxide did not alter serum Mg, inorganic P or Ca concentrations.
Steers fed zinc methionine tended to have more (P < .10) external fat than control steers; those fed zinc oxide were intermediate (Table  4) . Ribeye area of steers averaged 75.7 cm 2 and did not differ (P > .10) among dietary treatment groups. Steers fed zinc methionine had a 10.5% greater (P < .05) percentage of kidney, pelvic and heart (KPH) fat compared with those fed the control diet. Additional Zn from zinc oxide did not change KPH fat percentage. Stobart et al. (1987) did not report any changes in fat thickness, percentage KPH, leg score or conformation score when lambs fed zinc methionine were compared with those fed a control diet. Rust (1985) reported that steers fed zinc methionine had a higher percentage of KPH than those fed a control diet. USDA carcass quality grade for all steers ranged from low ' Means within a row without a common letter in their superscripts differ (P < .10). dAs-fed basis. bQuality grade = low Good, 2.1; average Good, 2.5; high Good, 2.9; low Choice, 3.1; average Choice, 3.5; high Choice, 3.9.
C'dMeans within a row without a common letter in their superscripts differ (P < .10).
eMarbling score = practically devoid. 1 ; traces, 2; slight, 3; small, 4; modest, 5; moderate, 6.
f'gMeans within a row without a common letter in their superscripts differ (P < .05).
Good to average Choice. Average USDA carcass quality grade of steers tended to be improved (P < .10) from 2.86 to 3.06 (where high Good --2.9 and low Choice = 3.1) when zinc methionine was fed, but not when zinc oxide was fed. The frequency distribution (chi-square; P--.109) of steers grading USDA Choice was 57, 79 and 40% for those fed the control, zinc methionine or zinc oxide diets, respectively. Marbling score (where 1 = practically devoid, 2 = traces, 3 = slight, 4 = small, 5 = modest, 6 = moderate) differed (P < .05) from 3.95 for controls to 4.38 when Zn was added as zinc methionine, but was not changed (3.96) when Zn was added as zinc oxide. Rust (1985) reported that steers fed zinc methionine had higher quality scores and that 47% graded USDA Choice compared with 37% for steers fed a control diet. However, Martin et al. (1987) did not report any advantage in carcass value or percentage of carcasses grading Choice from feeding zinc methionine. Stobart et al. (1987) also did not observe differences for USDA quality grade in lambs fed zinc methionine compared with those fed control diets. The difference in USDA quality grade observed in our study probably is due to the increased fatness of the steers fed zinc methionine and is not due to differential fat deposition in the various carcass adipose tissue depots.
Composition of the carcasses from steers fed additional Zn is shown in Table 5 . Fat and protein composition averaged 28.8 and 15.7% across all cattle, respectively. Addition of zinc methionine and zinc oxide tended to increase (P > .10) the quantity of carcass fat by 9 and 6%, respectively, over control steers (Table 5) . Percentage fat also tended to increase, especially when zinc methionine was fed. Spears and Samsell (1986) reported that in wether lambs fed a Zn-deficient basal diet, Zn absorption was similar for controls compared with those supplemented with 15 mg/kg Zn from zinc methionine or zinc oxide. However, Zn retention was greater for lambs fed zinc methionine compared with those fed the control or zinc oxide-supplemented diet. They suggested that Zn is metabolized differently when absorbed as zinc methionine than as zinc oxide. Because Zn is transported across the intestine as a metalloprotein and transported in the body attached to albumin, the attachment of Zn to methionine may alter its mode of absorption and transport in the animal body compared with Zn from zinc oxide.
In the present study, 360 mg of Zn from zinc methionine also supplied approximately 1 g of methionine/d. Heinrichs and Conrad (1983) reported that methionine from zinc methionine in a mixed ruminal inoculum was not utilized under rumen-like conditions. Perhaps the response of increasing carcass quality grade, marbling score and KPH could be associated with an increased supply of methionine to the small intestine for absorption and subsequent utilization by the host animal. Patton et al. (1970) reported that when dairy cows were fed increasing quantities of MHA (0, 40 and 80 g MHA/d), milk yield, milk fat yield and blood serum lipids increased. Milk fat contained more of the 18-carbon fatty acids and less short-chain fatty acids when MHA was supplemented. Brommelsiek et al. (1979) reported increased carcass quality grades when limit-fed steers were fed 7 and 30 g of MHA/d. They reported that marbling score was increased when 7 g/d MHA was fed, whereas 30 g/d did not increase marbling further. The changes observed in USDA carcass quality grade and marbling score in our study indicate that Zn and(or) methionine, when chelated, altered fat tissue deposition in steers.
The addition of 360 mg of Zn to the basal diet increased USDA carcass quality grade, marbling score, external fat and KPH fat when fed as zinc methionine, but not when fed as zinc oxide. Regardless of the mechanisms by which USDA quality grade was improved, the 
